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A pos s ib i l i ty of  a su r face s e l f- t rapped s tate of  Frenke l exc i tons m a s em i - inf in i te  
defo rmab le  lat t i ce  i s  d i s cus sed wi th in the  ad iaba t i c  approximat ion. The e ffec t  of  a 
s em i - inf in i ty of c rys ta l  i s  taken into acc ount by the c l eaved c rys ta l  mode L In a semi­
inf in i te  c rysta l ,  the  loca l i zed ene rgy o f  exc itons due to latt i c e  de fo rmat i on depends on 
wh ich is deformed. The s i te dependent ad iabat i c  potent ia l  i s  ca lcu lated to g ive the  con­
d i t ion fo r the ex i s tence of sur face s e l f- t rapped exc i ton in s em i - inf in i t e  one d imens ional 
c rystaL 
1 .  I n t r o d u c t i o n  
A s e l f- t rapped s tate o f  e l e c t rons o r  exc itons m deformab le  latt i ce  f i rs t  po inted out  
by Landau [ l ] was extens ive ly inve s t igated by Toyozawa [ 2 ] to show that on ly  the  shor t  
range inte rac t i on wi th an  acous t i c  mode (de format ion potent ia l ) ,  not the l ong range e l e ­
c t ros tat i c  inte rac t i on wi th an opt i ca l  mode, i s  the t r igge r for the appea rance of a s e l f­
t rapped s tate .  W i thin the ad iabat i c  app rox imat ion, the ground s tate ene rgy of the coup 
l ed exc i ton- latt i c e  system is the sum of the exc i ton' s ground s tate ene rgy and the s t ra in 
ene rgy · of the de fo rmab le  latt i c e .  It i s  found that the degree of loca l i zat ion of the 
ad iaba t i c  ground s tate va r ie s  cont inuou s ly  o r  d i s cont inuos ly  with change s in phys ica l  
pa ramete rs  such as  coupl ing s t rength o r  lat t i c e  de fo rmat i on, depend ing on the characte r 
o f  the inte rac t i on [ 3 ] and on the d imen s i ona l i ty of the sys tem [ 4 ] .  In a three d imens­
i onal sys tem, the ad iabat i c  potent ia l  has two min ima sepa rated by the potent i a l  ba r r i e r, 
the one be ing a free s tate and the othe r be ing a s e l f- t rapped s tate .  One of  the ma in 
o r ig in  of  the appea rance of the potent ia l  ba r r i e r  i s  attr ibuted to the fac t that the 
l oca l i zed s tate of  exc i tons due to its inte rac t i on wi th a local latt i ce  defo rmat ion appea­
r s  only when the latt i ce  de format i on exc eeds a c e rta in  c r i t i ca l  va lue .  
Recent ly ,  Whi t f i e ld and Shaw [ 5 ]  ca lcu lated the groun� s tate ene rgy of  a one di-
mens i onal polaron in the case  whe re an e l ec tron coup l e s  to the acous t i c  phonon v ia  de ­
fo rmat ion potent iaL  They found that the re  do not  appear a potent ia l  ba r r i e r  beween 
free and s e l f- trapped s tate and that the t rans i t i on be tween the se  two s tate s the re fore  
unde rgoes  cont inuous ly. It i s  of  inte re s t  to s tudy the re la t i onsh ip  be tween the natu re 
of  the  ad iaba t i c  potent ial  and the d imens i onal i ty of a sys tem. 
Recently, much attent ion ha s been focused on the e l e c t ron ic  prope r t i e s  of  a sem i-
in f i n i t e  c rystaL To the author ' s  knowledge , a s e l f- t rapped s tate of  e l e c trons o r  exc-
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i tons has been s tud ied for an inf in i te bu lk c rys ta l  wi th a trans l at ional symmetry of  the 
unde rly ing latt i c e .  In th i s  pape r, we ca lcu late the ad iabat ic  potent ia l  of a Frenke l exc 
i ton in a s em i - inf in i te  de formable  latt i c e .  The e ffect of  semi- inf in i ty · is taken into ac ­
c ount by the c l eaved c rys tal  model  [ 6 ]  u s ed to d i s cus s  the pr inc ipal features  of sur -
face exc i tons in molecu lar  c rysta l s  [ 7 ] .  In th i s  mode l the local i z ed pe rturbat ion i s  
introduced t o  form a semi- inf in i te c rystal  b y  the c l eavage between two ad jacent s i te s 
o r  p lane s  ( depend ing on the d imens ional i ty of a c rys ta l ) of an inf in i te c rysta l .  The 
c leaved sem i - inf in i te c rys ta l  is thus fo rmed by putt ing the tran s fer  ene rgy which coup­
l e s  the two c leaved c rys ta l s  into equal to ze ro.  The d i ffe rence be tween the c leaved 
sem i - inf in i te  and inf in i te  c rys ta l  is then treated as the local i z ed pe rturbation. 
As shown in I, sur face exc i ton s tate s are  loca l i z ed above or  be low the bulk exc ­
i ton band in the r ig id c rys ta l ,  depending on the s ign of the env iromental sh i ft te rm D 
( wh ich  repres ents the change in the inte rac t i on ene rgy o f  one molecu le  w ith a l l  of the 
sur round ing molecu l e s  in its tran s i t i on to the exc i ted , s tate ) .  I t  i s  expected that the 
ene rgy of sur face  exc iton becomes deeper wi th a he lp  of l att i ce  de format ion. The ma in 
purpose  of  th i s  paper  i s  to d i s cus s  a pos s ib i l i ty o f  a sur face s e l f-trapped s tate ( S ST ) 
o f  a Frenke l exc iton in a sem i - inf in i te one d imens ional c rystal .  In Sec t i on 2, we g ive 
the mode l Hami l ton ian to de s c r ibe a Frenkel  exc i ton p laced in an inf in i te  deformabl e  
l att i ce .  The loca l i z ed ene rgy o f  an  exc iton due t o  latt i ce  de format ion i s  ca lcu lated us ing 
the Green ' s  funct ion method [ 8 ] . Sec t i on 3 i s  devoted to extend the theory to a semi­
inf in ite c rys ta l  u s ing the  c leaved c rys tal  mode l .  In  a semi- infin i te c rys ta l  w ith one 
s i te de format ion, the loca l i z ed ene rgy depends on wh ich s ite i s  deformed. The deformed 
s ite then become s the var iat ional parameter  which dete rmine s the ad iabat ic  ground s tate 
in  a sem i- inf in i te  c rys ta l .  The s ite dependent ad iabat i c  potent ia l s  are ca lcu lated to 
p red ict  the pos s ib i l i ty of  the S ST of  a Frenkel exc iton. D i scuss ions are g iven in S e ­
c t ion 4. 
2. Sel f - T r apping in Infinite Crysta l 
T he mode l  Hami l ton ian of Frenke l exc itons inte ract ing with acous t i c  phonons v1a 
the deformat i on potent ia l  i s  g iven within the ad iabat ic approx imation 
( 2 . 1 ) 
The exc iton ic  part of the Hami l ton ian i s  g iven m terms of the atomic func t ion I n >  
l oca l i zed a t  latt i c e  s ite n within the neare s t  ne ighbour approx imat ion; 
H ,x= 2D � I  n > < n  I + j  � I  n > < n ' I , 
n n =fcn '  
( 2 . 2 ) 
whe re the atomic exc itat ion ene rgy 1 s  neglec ted and the def in i t ions of the env i romental 
sh i ft term D and the exc i ton tran s fe r  ene rgy J are expl i c it ly g iven in I. We as sume an 
exc i ton fee l s the local  potent ia l  due to latt i c e  d i lat ion 6" when an exc iton is prc:sent 
on the de formed s ite n .  The exc iton-phonon interact ion H' is then g iven by the one cen­
ter  type contact inte rac t ion as  fo l lows ;  
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H '  = c:d � �n I n > < n  I 
n 
( 2 . 3 )  
whe re Ed i s  the de format ion potent ia l .  The th i rd te rm m eq. ( 2 . 1 )  repre s ents the l at t ice  
potent ia l  ene rgy g iven by 
Mu' 
2 n 
( 2 . 4 ) 
where M i s  the mas s  o f  the un i t  c e l l  and u i s  the sound ve loc i ty. We rewr i te the 
Hami l ton ian ( 2 . 1 )  in terms of the l at t ice re l axat ion ene rgy UL= c:�/Mu' and the stra in 
o f  the s i te n S n = - c:d/U L �n 
H = 2D� I n > < n  I + J  � I n > < n ' I - U L � S " I n > < n  I +  �
L � S � 
n n =F n '  n 
( 2 . 5 )  
We drop the las t  term in eq. ( 2 . 5 ) ,  for the t ime be ing, because  it 1 s  a c -numbe r.  
For a per fec t  r ig id c rys tal  having the trans lat ional symmetry, the e igen- func t ion 
o f  H ex i s  g iven by the B loch funct ion 
I k > = � � exp ( ik. n )  I n > ( 2 . 6 )  
n 
and the ene rgy 1 s  g iven by 
Ek = 2D + 2Jcoska ( 2 .  7 )  
wkere a i s  the latt i c e  constant of pe rfect r ig id c rystal .  The l owe st ene rgy of  a free 
exciton s tate i s  then g iven by 
E = 2 ( D - J ) ( 2 . 8 ) 
whe re we as sume that the tran s fer  ene rgy J i s  pos i t ive . 
In the next p lace ,  we ca lcu late the loca l i zed ene rgy of exc i tons due to i ts  inte ra-
c t ion with a one s i te de fo rmat ion S nd , nd be ing the de formed s i te, us ing the latt i c e  
G reen ' s  funct ion method. Le t  G o  and G are the G reen ' s  funct ion matr ix fo r H"  and H ,  
respect ive ly. The perturbed Green ' s  funct ion G i s  expre s s ed in terms o f  the unpe rtur­
bed one  Go  as 
G =  G o +  GoH '  G ( 2 . 9 )  
whe re the mat r ix e l ement of  H' i s  g iven for one s i te deformat ion as  
( 2 . 1 0 )  
F rom eq. ( 2 . 9 ) , the matr ix e l ements o f  G are g iven m the exp l i c i t  fo rm a s  fo l l ows, 
G ( n  n '  ) =  G ,J n, n '  ) + U L  S [ G o ( n , n ) G 0 ( nd, nd ) - G0 ( n, nd ) G 0 ( nd, n ' ) ]  ( 2 _ 1 1 )  ' 1 + U L S Go ( n d, nd ) 
whe re we suppress  the ene rgy E and wr ite G ,( n, n ' ; E )  as Go ( n, n '  ) ,  the unper turbed 
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G reen' s funct ion G0 ( n, n ' ) depends only on the d i ffe rence n-n and 1 s  g iven by 
G ( , ) = _l_ '\' exp [ i ( n-n ' ) ka ]  o n ,  n 
N k E - Ek  
where 
f (  E )  
= 1 f ( E ) I +  I o - o  I 
J 1 - f' ( E )  
E - ( E' - 1 ) 1 1', E > 1  
E - i ( 1 - ET12, I E  I < 1  
E + ( E' - 1 ) 1 12, E < - 1  
( 2 . 1 2 ) 
In eq. ( 2 . 1 2 ) , the ene rgy E i s  measured re la t ive to 2D in un i t  of 2J .  The po le  o f  the 
G reen ' s  func t ion G g ive s the local i zed ene rgy of exc itons due to latt i ce  deformat ion. It 
1s then ca lcu lated from the equat ion 
1 + UL S G0 ( nd, nd ) = 0  ( 2 . 1 3 )  
The s ite d iagonal  Green ' s  funct ion G o  
and the loca l i z ed ene rgy i s ,  o f  course ,  
o f  an inf in i te c rysta l  i s  independent on the s ite 
independent on wh ich s ite is de formed. We  
obta in the loca l i zed ene rgy lower than the lowes t  ene rgy of  a free exc iton s tate for any 
s ma l l  latt i c e  deformat ion because  the real part of  the Green ' s funct ion Go  of a per­
fec t  one  d imens ional c rys ta l  d ive rge s at the  band edge o f  a f ree  exc iton s tate.  From 
eq. ( 2 . 1 3 ) ,  we obta in the loca l i z ed energy as  
( 2 . 1 4 ) 
where the coupl ing s trength g i s  def ined as  U L /4J.  
Add ing the latt i c e  potent ia l  ene rgy g iven by the last  term m eq. ( 2 . 5 ) to eq. ( 2 . 1 4 ) ,  we 
obta in the adiabat ic  potent ia l  of  a one d imens ional Frenke l exc iton as  fol l ows ; 
E = g S '  - /4g' S ' + 1 
As shown in F ig. 1 .  the ad iabat ic  potent i a l s  
have no bar r i e r  between f ree  and s e l f  t rapped 
s tate, wh ich becomes s tab l e  for g > 0 . 5 .  
It should be noted here that the conc lu­
s ion for an inf in i te  one  d imens ional system, 
the s e l f-trapped s tate appears  only when g >  
0 .  5 , o r ig inated from the res tr i c t ion that only 
one s ite i s  deformed. Recently, Sh inozuka and 
Toyozawa [ 9 ]  obta ined the fol l owing sum rule  
for the latt i c e  defo rmat ion S,  wh ich g ive s the 
s table or  qua s i - s table s e l f-trapped state ; 
( 2 . 1 6 )  
n 
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E =0.8 
= 1.2 
- 1 .0 1--E";::::....---7--T--------:f--�2 s 
- 1 .5 
F i g. 1 The ad iaba t i c  poten t i a l  ( so l id l i ne ) o f  
e xc i tons i n  an i n f i n i te o n e  d i me n s ional  
c ry s t a l .  The l oc a l i zed ene rgy ( da s hed 
l i ne ) is  also s hown. The ene rgy E i s  
measured r e l a t i ve t o  2 D  i n  u n i t  o f  2J 
a nd the coup l ing g = O. 4,  0. 8 and 1. 2 
throughout fol l o w i ng f i g u r e s .  
On the possibility of Surface Self-Trapped State of Fre nkel  Excitons 
S. lchirnura and H . lieba . 
whe re a, repre sents the p robab i l i ty ampl i tude of exc itons loca l i z ed at n s i te .  
W ith in the one s i te de fo rmat ion, the de fo rmat ion wh ich g ive s the s e l f- t rapped s tate IS 
ca lcu lated from eq. ( 2 . 1 5 )  as 
s =/ 1 - 4�,
---
( 2 . 1 7 )  
As shown in F ig. 2, S i s  ve ry 
sma l l  compared to un i ty near  
g = 0 . 5 .  Th i s  resu l t  impl i e s  
that t.he spac ia l  extens ion of 
the exc i ton wave func t ion and 
s 
1 .0 ---- ------------ - -- ------ - -- --- - ---- - --- - - --- - ---- - --- - -- ---
the latt i c e  de fo rmat ion wh ich 0.5 
form the s e l f- trapped s tate is  
not cons i s tent wi th each othe r .  
W e  must  the re fore  take inot 
account many s i te s defo r -
mat ion in an  sem i - inf in i te one 
d imens ional c rys ta l .  If one 
remove s the r e s t r ic t ion that 
only one s i te is to deform and 
a l lows many s i te s to defo rm, 
the s e l f- t rapped s tate should 
0 0�------��------��------
---0.5 1 .0 
r i g. 2 The l a t t i c e d e f o r ma t i on wh i c h  gives the bu l k  s e l f - t rapped -
s ta t e  of exc i tons  in an i n f i n i te one d i me n s i on a l  c ry s t a l .  
T h e  s e l f - trapped s t a t e  appea r s  o n l y  when g > O. 5, be i ng 
n o t  cons i s te n t  w i th t h e  sum r u l e .  
g 
appear  fo r any sma l l  va lue of g, whe re the spac ia l  extens ion of the latt i c e  defo rmat ion 
m the s tab l e s e l f- trapped s tate i s  ve ry la rge [ 4 , 5 ] .  Th i s  i s  the characte r i s t i c  p rope r ty 
o f  a one d imen s i onal po laron. 
3. Se l f - T r a p p ing in  Se m i - i n f i n i t e  C r y s t a l  
In th i s  sec t ion,  we  ca lcu late the ad iabat i c  ground s tate of  Frenkel  exc iton m a 
sem i - inf in ite de fo rmable  c rystal .  We form a s em i - inf in i te c rys tal  us ing the c l eaved 
c rys ta l  mode l .  
The Hami l Tonian of  F renke l exc itons m a sem i - inf in i te deformable l at t i ce  IS g iven 
by 
H = H + V ( 3 . 1 )  
whe re the Hami l Ton ian of  an inf in i te  c rys ta l  H i s  g iven by eq .  ( 2  . 1 )  and the  matr ix e l e ­
ments of  the pe r tu rbat ion potent ia l  due t o  the c l eavage of an  inf in ite c rystal  are  exp l i ­
c it ly g iven m I as  
Vn ,  n '  
- D , n = n '  = 0 o r  - 1  
- J,  n ,  n '  = 0  o r  - 1  
0,  othe rwise  
( 3 . 2 ) 
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Here, we a s sume that the inf in ite c rysta l  i s  c l eaved between two ad jacent s i tes  0 , - 1 . 
The Green ' s  funct ion G of a semi- inf in i te defo rmab le  c rys tal  i s  expre s s ed in terms 
o f  G g iven by eq. ( 2 . 1 1 ) .  Taking into account the condit ion G ( n, n '  ) = 0 , i f  s i tes  n, n '  
r e fe r  to s i tes  on the oppos ite s i te of the c l eaved c rysta l ,  we obta in the s i te d iagonal 
G reen ' s  funct ion as  fo l l ows ;  
G ( n , n '  ) = 1 G ( n, n )  + [ G ( n, n ) G ( O, 0 ) - G ( n, 0 ) G ( O, n n )] D 
+ [ G ( n, n l G ( O , - 1 ) - G ( n, - 1 ) G ( O, n ) ] J i 
x [ 1 + DG ( O, O ) + J G ( O, - 1 ) ] - 1 ( 3 . 3 )  
From eq. ( 3 .  3 ) ,  we thus obta in the equat ion wh ich dete rmines the l oca l i zed ene rgy of 
exc itons in a sem i - inf in ite deformable  l att i c e  as  fo l l ows ;  
1 + DG ( O, 0 )  + JG ( O, - 1 )  = 0 
U s ing eq. ( 2 . 1 1 ) ,  eq.  ( 3 . 4 )  i s  wri tten as  
1 + ( g S + D ) G0 ( 0 ) + JG0 ( l ) + g S [ D j G ;, ( 0 ) - G� ( n d ) i + 
J l Go ( O ) Go ( 1 ) - Go ( nd ) Go ( nd + 1 ) 1 ] = 0 . 
( 3 0 4 ) 
( 3 . 5 )  
Equat ion ( 3 .  5 )  i s ,  o f  course ,  reduced to the one wh ich dete rmines the ene rgy of  sur­
face  exc itons [ 7] for S = O and a lso reduced to eq. ( 2 . 1 3 ) ,  by putt ing D = J = O  in eq. ( 3 .  
5 ) .  
The loc a l i zed ene rgy thus depends o n  wh ich s i te i s  de formed. The de formed s i te n d  
a l s o  become s the var iat ional paramete r wh ich dete rmines the ad iabat i c  ground s tate i n  a 
s em i - inf in i te c rysta l .  The s ite dependent ab iabat i c  potent ia l  i s  the re fore expres sed as 
( 3 . 6 )  
where the s i te dependent loca l i z ed energy E ,  ( nJ i s  a so lut ion of  eq. ( 3 . 5 ) .  It i s  d i -
f f icu l t  t o  obta in the ana lyt ica l  so lut i on of  eq .  ( 3 . 5 )  for arb i trary s ite nd· I n  the case 
o f  the sur face s ite deformat ion ( nd = O  ) ,  we obta in 
1 1 E , ( O )  = - --z[ cH 4g S  + o+ 4g S J  
where o= D /  J .  
( 3 . 7 )  
The fol l ow ing cond i t ion must  be s at i s f ied for the appearance o f  the loca l i zed s tate be­
low the bulk free exc iton band; 
o + 4g S > 1 ( 3 . 8 )  
When a s i te i s  de formed far from the sur face ,  i . e . ,  nd _,. co ,  we obta in two so lut ions  
o f  eq. ( 3 . 5 ) .  The one i s  g iven by 
( 3 . 9 )  
be ing equal to the loca l i zed energy m an inf in i te  c rysta l  as i s  a l ready g iven by eq. ( 2 .  
1 4 ) .  The anothe r so lut i on i s  g iven by 
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1 1 - � ( o+ � )  o> l 2 0 ( 3 . 1 0 ) 
be ing equal to the ene rgy of surface exc i tons 
in the r ig id latt i ce .  The appearance of  the 
two type so lut ions in the l imi t  n" --> m IS 
c lear  from the fact  that the loca l i zed s tate 
to the c l eavage of an inf in i te crys ta l  is not 
inf luenced by the pre sence of  the latt i ce  de ­
fo rmat ion far from the sur face and a l s o  the 
loca l i zed s tate due to the latt i ce  deformat i on 
doe s not fee l  the loca l i zed potent ia l  near the 
surface .  
In F ig. 3 , we show the phase  d iagram 
wh ich repre sents the l owe st loca l i zed ene rgy 
among E , ( O ) ,  E : ( m )  and E�1 ( m ) ( = E, ( O , S =  
0 ) )  a s  funct ions o f o and g S .  In the reg ion 
I, the l oca l i z ed ene rgy due to the surface 
s i te de for mat ion E,( 0 )  i s  the l owe st one com­
pared w i th E , (  m ) .  E ; (  m )  becomes deeper 
than E , (  0 )  in the reg ion II where the re do 
not appear the l oca l i z ed s tate wi th E; 1 ( m ) . 
In the reg i on III, the re do not appear the 
loca l i zed sur face s tate .  From the pha se 
d iagram shown in F ig. 3 ,  we expect  that the 
s e l f- trapped s tate due to the sur face s i te 
deformat i on becomes  the ene rge t i ca l l y  most 
s tabl e  s tate i n  a sem i - inf in i te c rys tal  in the 
reg ion I. To ve r i fy the specu lat ion g iven 
above, we so lve eq. ( 3 . 5 )  numer ica l ly  fo r 
arb i t rary s i te n" = 1 , 2, 3 · · · .  The resu l t s  are 
shown in F ig. 4 whe re para mete rs  are chosen 
as g = 0 . 8  and S = 1 . 0 . We f ind from F ig. 4 
that the s i te dependent loca l i zed ene rgy E,  
( nd )  gradual ly app roache s to E ,  ( m )  from 
h igher  ene rgy s ide fo r o= O and from lower 
ene rgy s ide fo r o> O, with an inc rease of  n" .  
We then ca lcu late the s i te dependent ad iaba ­
t i c  potent ia l  from eq. ( 3 . 6 ) . The resu l ts  are 
shown in F ig. 5 as  a funct ion of  o. When 
o i s  equal to ze ro, the re appe ars  the poten­
t ia l  barr i e r  in the sur face s i te ad iabat i c  
- 98 -
I II ( I )  Ee tol ( Ee <c.ol, Ee<col 
( I ') Ee(O) ( E� (ot�) 
0 
gS 2 
F i g .  3 Pha se d i agram to d e t e r m i n e  the l owe s t  
l oc a l i zed ene rgy among E , ( O ) ,  E ! (ro )  and 
E�( ro) as func t i ons of  o and g S .  The boun­
dary between the reg i on l and II is  given 
b y  the equat i o n  o= - 2g S X /4g2-s2+1 and 
t hat between II  and III is g iven by o= - 4g S  
+ 1 .  The s u r face  state  w i t h  ene rgy E ,.  ( 0 )  
appears  i n  the r e g i o n  I and II . I n  the region 
I ' .  II and III , the re do not appe a r  the l o c a l ­
i zed s tate w i th ene rgy E? ( m ) .  
o�--r-�2r-__ T3--�4--�5 Nd - 1.0 8= 1.5 
'-----E�(oo) - 1 . 1  
= 2 .0.  
- 1 .2 � 
- 1 .3 
Ee (Nd) -...., 
F i g. 4 The defo rmed s i te ( n d ) depende nce of the 
l oc a l i zed ene rgy E ( n d ) as a func t i on of 
o. Parame t e r s  g and S are f i xed as  g = O. H 
0. 8 and S = 1. 0, r e s p e c t ive l y .  For a> 1 ,  
the re ex i s t  t w o  l o ca l i zed s t a t e s  wh i c h  
g radua l l y  converge t o  t h o s e  w i t h  ene rgy E) 
(oo )  and E�(oo) w i t h  a n  i n c r e a s e  o f  n d .  
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potent ia l .  The ene rgy 
of a s e l f-trapped s tate ,  8 ::0 
howeve r, becomes deep-
er with an increase  of  
nd and final ly  co inc ide s  
with that o f  a n  inf in i te 
c rys ta l .  In th is  case o 
= 0 , whe re we negl ect  
the change o f  the en -
viromental sh i ft 0 due 
to the c leavage of a 
c rysta l ,  , exc itons are 
s e l f-trapped m the 
bulk regions r athe r 
- 1 .0 ' ' 
' . . . 
- 1 .5 
. . 
' \ 
', . . . . . . . . 
\ . 
I 
than near the sur face .  3=0.5 
In the next p lace ,  
l e t  u s  sw i t ch  on  0. It Nd=O 
he lps  the appea rance 
of the local i zed s tate 
lower than E ; ( m ) as 
shown in  F ig. 4. For 0 - 1 .0 
= 0 . 5 , the ene rgy of  a 
s e  I f-trapped s tate due 
w the sur face s i te de-
format ion I S  deeper 
compared w ith that o f  - 1 . 5  
a bulk s e l f-trapped 
. . . . 
\ 
\\ 
( a ) 
( b ) 
s tate and the re  a l s o  
appe ar s  the potent ia l  
barr i e r  between free 
and s e l f- trapped s tate 
F i g. 5 The defo r med s i te ( n d ) dependence o f  the ad i abat i c  potent i a l  o f  exc i ton i n  a 
s e m i - i n f i n i te c ry s t a l .  The va l u e  of o i s  0, 0. 5 and 2. 0 f o r  Fig .  5 ( a ) ,  ( b )  
a nd ( c ) ,  r e s p e c t i ve l y .  
because  o f  the c ond i t i on g iven by eq. ( 3 . 8 ) .  W ith an.  in c rease  o f  pos it ive o, the s e l f­
trapped s tate at the sur fac e  thus become s the most  s tab l e  ad iabat ic  ground s tate and 
is inte rpreted as the S ST of exc itons .  For o> l ,  the re a lways appea r s  the loca l i z ed 
sur face s tate without a he lp  of the l att i ce  de format ion and then the S ST of exc itons 
may lose i ts  mean ing because the e ffect of  the latt i ce  deformat ion i s  j u s t  to lower the 
ene rgy of  sur face exc itons .  
Here  we  must  ment i on to the sum ru le  g iven by eq .  ( 2 . 1 6 ) .  The ad iabat ic  potent ial  
o f  the sur face i s  g iven by 
E (  0 )  = - � ( o+ 4g S  + o+
1
4g S) + g S '  ( 3 .  1 1 ) 
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The latt i c e  deformat ion wh ich g ive s the 
S ST of  exc itons sat i s f i e s  the fo l l owing 
equation ; 
o=2 .o 
1 Nd = 2  
s = 1 - ( o+ 4g S )  ( 3 . 1 2 )  
and i s  shown in F ig. 6 .  We find that the 
l at t i ce  deformat ion m a semi- inf in i t e  c ry­
s tal  i s  ve ry large,  be ing equal  to. 0. 85 at  
the  c r i t i ca l  coupl ing strength g , = O. 6 for o= 
0. 5, compared wi th that in an inf in ite c ry­
sta l .  ( The ene rgy of the  ad iabat ic  ground 
s tate m a sem i - inf in i te c rys ta l  1 s  shown in 
F ig. 7 as funct ions of g and o. The S ST 
appears  for gc =0 . 6 when o= O .  5 and g c= 
0 . 3  when o= l . O , respect ive ly . ) Th i s  resu l t  
means that the probab i l ity amp l itude of  ex­
c i ton wave func t ion 1s a lmost  loca l i z ed at 
the de formed s ite in its s e l f-trapped s tate .  
We may the refore conc lude that the one 
s ite approx imat ion fo r the l att i ce  de forma­
t ion 1 s  fa i r ly  good one for the S S T of ex­
c itons ,  whe reas that is proved to be poor 
for the s e l f - trapped s tate m an inf in ite 
c rysta l .  
4 .  Resu l t s a n d  D i s c u s s i o n  s 
we s tud ied 
the S S T of 
F i g .  5 The defofo rmed s i te ( n a )  depende nce  o f  the 
ad i aba t i c  poten t i a l  o f  exc i ton i n  a s e m i ­
i n f i n i te c ry s t a l .  T h e  v a l u e  o f  a i s  0 ,  0 .  5 
a nd 2. 0 f o r  F i g. 5 ( a ) ,  ( b )  and ( c ) , r e s p e c ­
t iv e l y .  
In th i s  pape r, 
the po s s ib i l i ty of 
Frenkel exc itons in a semi - 1 .0  - ... ... - - - - - - - - - - - ... ... ... ..... ... ... .. ... .. .. .. ...... .. .. ... ... ... ... .. ... ... ...... .. ... .. .. ... ... .. ...... ...... ...... ... ... ... ..... .......... ... .. 
in f in i te de formable  l att i ce .  
o= J .o 
0. 5 
l'
/ 
, 
, I I 
I I I I I I I I I I I I I I 
- -
- -
- -
---
-
-
- - - -
-
, -- ... -
- - · 
-
-
/ 
,,' ' 
l 
: 
O OL-
--
----
��------�1 0�-------0.5 . g 
As we have seen in the pre­
ceed ing sec t ion, the loca l i ­
zed ene rgy of  exc itons due to 
the one s ite de formation de ­
pend on · wh ich  s i te i s  defor­
med m a s em i - inf in i te cry­
s ta l .  We . ca lcu lated the s i te 
dependent adiabat i c  potent ial  
and found that an exc i ton is 
s e l f - trapped at the sur face 
s ite deformat ion. Among va-
F i g. 6 The l a t t i c e  defo rmat i o n  w h i ch gives t h e  s u r face s e l f - t rapped 
e xc i ton  i n  a semi - i nf i n i t e  c r y s t a l  ( so l i d  l i ne )  and the b u l k  
s e l f - t rapped exc i ton i n  an i n f i n i te c r y s t a l  ( da s hed l i ne ) .  
- 1 00 -
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r wus paramete rs  g, . S and o, which de ­
termine the nature o f  the ad iabat ic  ground 
s tate, the s ign and magn i tude of o p lay 
an important ro le  for  the appearance of  
the  S ST. For o= O, the S S T i s  not rea l ­
i zed because  the ene rgy o f  the S ST i s  
shal l ow compared wi th that o f  the bulk 
s e l f-trapped s tate. In th i s  pape r we do 
not re fe r  to the case  o< O because the 
sur face exc i ton s tate s m r i g id latt i ce  l i e 
above the bulk exc iton s tate as obse rved in 
molecu lar  c rys ta l  anthracene and tetracene 
[ 10 ]  with a negat ive va lue of  o [ 1 1 ] .  In 
the se  crysta l s ,  the loca l i zed ene rgy of  ex­
c itons due to the sur face s i te deformat ion 
is a l s o  sha l low compared with that due to 
the bulk s i te de format ion and there fore  we 
c an not expect  the appearance of  the S ST. 
On the other hand, the S S T become s the 
E 
8=0.5 
- 1 .5 
= 1 .0 
F i g. 7 The ene rgy of the ad i a ba t i c  g round s tate  as fun­
c t i on s  o f  g and fJ. E ( = - 1 )  and E r e p r e s e n t  
the ene rgy o f  f r e e  a n d  s u r face s e l f-t rapped exc ­
i tons ,  r e s p e c t ively .  The s u rface s e l f - t rapped 
e xc i ton b e c ome s s ta b l e  f o r  g:;;; O. 6 ( o= O. 5) and 
g :;;; o.  3 ( o= J . o ) .  
mos t  s tab l e  s tate f o r  pos i t ive 0. As conf irmed by  one of  the authors  [ 1 2 ] , the rare 
gas so l ids Ar, Kr  and Xe have pos i t ive o and the surface exc iton s tate s have been ob­
s e rved be low the free exc i ton s tate [ 1 3 ] .  From a s imple  theory pre sented here ,  we 
pred ic t  the pos s ib i l i ty of the S ST of exc i ton in the se  rare gas so l ids .  
The model treated here i s  very pr im i t ive and must  to be  extended to more  real i s ­
t i c one s .  We  took into account the e ffect o f  a semi- inf in i ty of  a c rystal  only for the 
e l ec tronic s tate by the c l eaved c rys ta l  mode l .  The de fo rmat ion potent ia l  or the latt i ce  
deformat i on near the sur face w i l l  be d i ffe rent f rom that far from the sur face .  The d i -
fference s  in the se  phys ica l  paramete rs  are  a l s o  important to dete rmine the ad iabat i c  
ground s tate in a sem i- inf in i te c rysta l .  W i th in the one  s ite deformat ion, the se  e ffects . 
are  eas i ly incorporated with the model  treated here by sett ing parameter  g and S as  
var iab l e s  with re spect  to s i te s .  The exi s tence of  the surface w i l l  change the l att i ce  
d i sp lacement near the  sur face compared wi th  that in inte r ior  bu lk  regions .  It 1 s  then 
more real i s t i c  to replace the ordinary bulk phonon by surfon, wh ich i s  a quanta o f  sur­
face e las t i c  wave that sat i s f i e s  the boundary cond i t i on imposed on  a semi- inf in i te  c ry­
s ta l  [ 14 ] .  In the areas  of  inte res t, the re l evant wave l ength i s  so  long that the d i s ­
c reatne s s  of  latt i c e  i s  o f  n o  importance .  I t  i s  then important t o  s tudy the sur face 
polaron w ith the comtinuum model in the case  whe re an e l e c tron or  an exc i ton inte racts 
wi th a sur fon v ia  the de format ion potent ia l .  
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